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Abstract 
During the last few years, much effort has been devoted to measuring the ability of sport 
teams, as well as that of the individual players. Much research has been on the game of 
cricket, and the comparison, or ranking, of players according to their abilities. This study 
continues preceding research using an optimization approach, namely, a binary integer 
programme, to select an SA domestic Pro20 cricket team. 
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Chapter 1 
Introduction 
1.1 Introduction to Cricket 
The game of cricket has been in existence since at least the mid-16
th
 century; however the 
first official test match was not played until 1877, between England and Australia. This 
form of cricket remained the standard until 1963, when limited-overs cricket was 
introduced to counter declining interest in the longer version of the game.
1
 
Limited-overs international cricket, better known as one day international (ODI) cricket, 
is the most common version of the game seen in the media lately. An ODI match is 
completed in one day with both teams having 50 overs, unlike test cricket, which is 
played over five days. A more recent addition to the game of cricket is the Pro20, also 
known as Twenty20 cricket. 
Pro20 cricket was first played domestically in the United Kingdom in 2003
1
 to draw more 
spectators to the game. It consists of each team having just one innings of 20 overs each, 
comparable to the ODI game of 50 overs. There are several differences making the Pro20 
game more exciting and more spectator-friendly than the normal ODI game; these 
differences are summarized as follows
2
: 
• Each team shall bat for 20 overs, unless all out earlier. 
• A free hit for a “front foot” no-ball. 
• No-ball penalized by 2 runs. 
• 7-over fielding restrictions. 
• A minimum of 5 bowlers, bowling a maximum of 4 overs each. 
• A minimum of 7 overs per side constitutes a match. 
                                                 
1
 MSN Encarta. 
2
 Retrieved from http://www.standardbank.co.za/site/pro20/rules.html 
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These differences bring about a different approach to batting and bowling strategies, 
which in turn affect measures of performance. 
The first strategy affected by these differences, is the batting strategy. There are two 
common measures of performance for batting, namely batting average and strike rate. 
Both these measures need to be as high as possible to identify a good batsman. This, 
however, may not always be the case as these measures in themselves have some 
shortcomings and may be very misleading. The batting average is calculated as the total 
number of runs scored by a batsman divided by the total number of innings in which the 
batsman is dismissed. An advantage of this measure is that it generally provides a good 
idea of how well a batsman has scored over the selected number of innings he has batted 
in. A limitation in using this measure as a measure of performance is that it does not give 
an indication as to the rate at which these runs were scored. 
The second measure, strike rate, is calculated as the number of runs scored by a batsman 
per 100 balls faced. This measure is advantageous as it provides a good indication of the 
rate at which a batsman scores runs over the selected number of innings he has played in. 
However, it does not provide information as to the total number of runs scored at this 
rate. 
As mentioned above, these two measures, studied individually, are inadequate for the 
purposes of being used as a measure of batting ability, as they do not take into account 
the batsman’s capacity to add runs to the scoreboard, whilst scoring quickly. This is 
apparent when looking at what the two performance measures actually measure. The 
batting average measures the average runs scored per innings played, and the strike rate 
measures the rate at which these runs were scored. It is clear that two different aspects of 
a batsman’s ability are measured. 
A comparison of batsmen would therefore be difficult, as one batsman may have a higher 
batting average than another, but a lower strike rate. How would one decide which 
batsman is the better of the two? 
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The second strategy affected by the differences between ODI and Pro20 cricket matches, 
is the bowling strategy. There are three common measures of performance for bowling, 
namely bowling average, economy rate and strike rate. All three of these measures need 
to be as low as possible to indicate a good ability on the part of the bowler. 
The first of these measures, the bowling average, is calculated as the total number of runs 
conceded divided by the number of wickets obtained. This measure proves effective as it 
establishes a good estimate of the rate at which wickets have been obtained for the 
number of runs conceded over the selected number of innings the bowler has bowled. 
However, a drawback in using this measure is that it does not give an indication as to the 
total number of overs used to accomplish this. 
The economy rate is calculated as the total number of runs conceded, divided by the 
number of overs bowled. This measure is helpful in providing valuable information about 
the number of overs used for the number of runs conceded. A limitation is that it provides 
no indication as to the number of wickets obtained by the bowler. 
The bowler’s strike rate is calculated as the total number of balls bowled divided by the 
number of wickets obtained. One advantage is that it provides a good idea of the number 
of wickets obtained for the total number of balls bowled. The total number of overs used, 
however, is not represented in this measure. 
As was found in the case of the measures of batting performance, the measures of 
bowling performance likewise are insufficient as independent measures for measuring a 
given bowlers’ abilities. A comparison of various bowlers, using their individual 
measures, would therefore be difficult. 
Along with these measures of cricketing ability, and their seemingly various drawbacks, 
it needs to be mentioned that other forms of performance measures have been given some 
consideration too. Numerous institutions have formulated their own form of rating 
systems for the various cricketing abilities, with the most well known of these being the 
PriceWaterhouseCoopers ratings, which has been adopted by the International Cricket 
Council (ICC). These ratings range on a scale from 0 to 1000, with the higher values 
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being an indication of a good ability. They are calculated using complex formulae and 
apply to batting, bowling and all-rounder ability in test, as well as one-day, cricket. The 
formulae are unfortunately not publicly available and could therefore not be included in 
this study. 
 
1.2 Objective 
Although there are numerous databases for extracting cricket data, some which include 
basic statistics, the difficulty lies in combining this information in such a way, so as to 
allow for the comparison of players within their particular area of expertise. If this 
obstacle can be overcome, we may be able to use the different databases to form a new 
statistic as a measure of several statistics, which may then be used to select a specific 
team. 
Several efforts have been made to solve this problem and find a measurement which 
combines all, or at least some, of the available data. One such effort has been by Lemmer 
and Nel (2001) who approached the topic of batting with an emphasis on the consistency 
of the batsmen, and their batting performances, respectively. Firstly, the coefficient of 
variation was used in an effort to create a classification scheme, measuring the 
consistency, or the variation, of the batsmen’s scores over the selected number of 
matches. This provided each batsman with a consistency coefficient. A graphical 
approach was used, which provided for the ability to take into account the batsmen’s 
average, as well as his consistency. In 2004, Lemmer (2004) proposed a consistency 
coefficient as a means of measuring the batting performance of cricket players. This new 
measure was calculated using a function of the batsmen’s scores, their consistency 
coefficients, as well as their strike rates, defined as the average number of runs scored per 
hundred balls faced. Earlier, Barr and Van den Honert (1997) had used a similar 
approach, except for a few adjustments in the calculation of the variables, in that they 
used the geometric coefficient instead of its inverse, the coefficient of variation. 
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In 2006, Gerber and Sharp (2006) used a normalization method to overcome this 
obstacle. This provided for a comparable measure between the various cricketing 
disciplines, and was done for the purpose of selecting a limited overs cricket squad. The 
normalization method made for a very simple approach to combining cricket statistics 
and keeping the solution simple. In most other efforts, the various cricketing disciplines, 
and more specifically batting and bowling, have been approached separately, and have 
used methods of ranking players according to a proposed ability measure. 
Besides these and other results, the main aim of cricket teams is on making the maximum 
number of runs in their allotted number of overs, whilst keeping the number of lost 
wickets to a minimum. Likewise, keeping the other teams’ total number of runs as low as 
possible when bowling and fielding remains the challenge. This brings to light the 
importance of a team’s resources, be it their batsmen, bowlers or fielders (scoring runs or 
keeping the opposing team’s score to a minimum, respectively). The main area of 
opportunity where the optimum use of a team’s resources may be affected is in the team 
selection process, which will be the objective of this study. The objective therefore is to 
propose a mathematical model to select an SA domestic Pro20 cricket team (or squad) 
using measures of player ability. 
In chapter 2, several approaches to individual player selection, team selection, as well as 
the ranking of players according to their level of competence in their specific abilities are 
reviewed. This range of selection approaches is important, as it reveals the increasing 
need for improved cricket statistics, used for the purpose of player and team selection. In 
addition, this would add to the increasing competitiveness between local, and more 
importantly, international teams. 
In chapter 3, the focus shifts to the three calculation stages used for the selection process 
suggested in this study. The first stage discusses the calculation of the players’ respective 
non-adjusted ability measurements. The second stage discusses the adjustment of these 
initial measurements, and the third, the selection of a specific team. 
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In chapter 4 the measures of performance ability are defined. The theory behind two 
comparative models, as well as the model from this study, is also discussed. The results 
of the three models are discussed in chapter 5 and chapter 6 provides for a brief 
discussion of the conclusions with suggestions for further research. 
7 
Chapter 2 
Literature Review 
A common problem in conducting sports related research lies in identifying the crucial 
aspect influencing the outcome of the game. This was evident in White and Berry (2002) 
who ranked American National Football League (NFL) quarterbacks, by assigning a 
measure of worth to each play based on historical scoring patterns and a quantified value 
attached to field positions. Similarly, Simon and Simonoff (2002) asked the question 
whether or not the 1996-2000 New York Yankees were the best Major League Baseball 
(MLB) team of all time. Their study used historical data to evaluate the “impressiveness” 
of the accomplishments of the Yankees, by estimating the probabilities of them having 
attained certain milestones. Earlier, Albert (2001) investigated the problem of “clutch” 
hitting in MLB. He evaluated a batting performance based on one of 24 scenarios within 
the game of baseball. For each scenario, historical data was used to calculate an estimate 
of the expected number of runs. 
Much has been done in the area of improving existing cricket statistics, with the emphasis 
on using it for cricket player rankings and team selection. Kimber (1993) suggested a 
graphical model for the comparison of bowlers. A 2-dimensional scatter diagram was 
used to represent three commonly used bowling statistics, the bowling average, the 
economy rate and the strike rate. The 2-dimensional plot illustrated 3 dimensions by 
plotting the strike rate on the vertical axis and the economy rate on the horizontal axis. 
The third dimension, the bowling average, was observed by including hyperbolic 
contours (at regular intervals) on the 2-dimensional plot. This plot, while easy to 
represent, requires skilful interpretation. Figure 2.1 illustrates this representation of the 
three commonly used bowling statistics: 
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Figure 2.1 A risk versus return for bowlers using their domestic Pro20 statistics, 
including an example of a hyperbolic contour. 
Looking at this figure, one can see that the better performing bowlers will lie towards the 
South-West corner of the graph. In this region, bowlers have a lower strike rate, economy 
rate and bowling average. Consider as an example the five enlarged red markers below 
the contour line on the graph. These markers denote the 5 bowlers with an average of less 
than 20.00. They are led by M van Vuuren and GJ Kruis, with bowling averages of 13.67 
and 18.00, respectively, lying slightly further below the line than the other three markers. 
If one would not want to work with contours to show the bowling average ‘categories’, 
Kimber (1993) suggested linearizing the plot by calculating the log of the three bowling 
statistics before plotting the scatter diagram. 
This approach is a good way to familiarize oneself with the performance statistics of the 
bowlers, although not providing a direct selection criterion method, as required for the 
purposes of this study. 
Another effort was made by Barr and van den Honert (1997) where the emphasis of the 
study lay in batting in test cricket. Their paper was based on the premise that, in test 
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cricket, the matches were effectively unrestricted
3
, and the accumulation of runs followed 
the Geometric Distribution
4
 with reasonable accuracy. They began by re-modeling run 
accumulation by a batsman, and under certain reasonable assumptions, developed the 
statistical distribution of the number of runs scored. Using the first two moments of this 
distribution, or more specifically, the mean and standard deviation, they arrived at a new 
statistic, which they claimed, was a suitably modified measure of the traditional batting 
average which incorporated consistency. This new statistic was called the Geometric 
Coefficient (GC) and could be viewed as an adjusted batting average after having been 
multiplied by the traditional batting average. It was calculated as the traditional batting 
average, divided by the standard deviation of the number of runs scored by the batsman. 
For clarity, the following example illustrates the function: 
Let, the batting average = 38.40, and the standard deviation of the number of runs scored 
= 41.20, then GC =   	 
 
Now multiplying GC by the batting average yields the Adjusted batting average = 0.9320 
× 38.40 = 35.79. 
This ratio, the Geometric Coefficient, was based on the popular Sharpe Ratio (Sharpe, 
1970), often used in Financial Analysis, and was based on the concept of risk versus 
return. This was an innovative approach, as it took into account the risks involved in a 
batsman consistently scoring well, as well as providing an indication of his batting 
average. It was also shown graphically, by plotting the means of the batsmen against their 
respective standard deviations, that a batsman with a high level of consistency would 
have a larger mean for a given standard deviation than expected under the Geometric 
Distribution. It was suggested that a line be drawn on the graph where the mean was 
equal to the standard deviation, or in other words, where the Geometric Coefficient 
equaled 1; i.e. a 45 degree line. Any batsman lying above this line would be deviating 
significantly from the Geometric Distribution, and therefore, showed a high level of 
consistency. Those batsmen were also shown to have relatively high batting averages for 
                                                 
3
 A batsman may bat until he is out. 
4
 Established by Wood (1945). 
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their given level of risk. This provided for a good graphical representation of the 
ability/consistency of the batsmen in question, making it easily interpretable. 
The paper continued with testing the model on a pre-World War II data set
5
, as well as 
that of the players in the then current (1997/98) South African national squad. A couple 
of interesting results were obtained, the first being, that for the pre-World War II data set, 
the two ‘best’ batsmen of that era were the only two above the 45 degree line, whereas 
for the 1997/98 squad, approximately two-thirds of the squad were above the line. The 
only noticeable difference between these two data sets was the amount of data available. 
In the pre-World War II data set, all the batsmen had accumulated more than ten 
thousand runs each, as opposed to the 1997/98 squad’s data set, where the batsmen had 
played a lesser number of innings. This might indicate that either the data sets for the 
1997/98 squad were too small, or that the selectors were very intuitive with their 
selection. Overall, the Barr and van den Honert (1997) Geometric Coefficient seemed 
like a very good model for test cricket, as it took into account a batsman’s average, as 
well as his consistency. Unfortunately, for limited overs cricket, this is not an effective 
model, as it does not consider the strike rate (the rate at which the runs are scored). This 
is a very important factor when the overs are limited and a certain run rate is required. 
For instance, a batsman may have a batting average of 100 with a high consistency, but 
uses on average 50 overs to achieve this; in a limited overs game this low run rate will 
most probably lose the game for his team. 
Lemmer (2002) used a mathematical approach and focused on defining a single measure 
of the bowling performances of cricketers. This measure, defined as the combined 
bowling rate (CBR), was a combination of the three statistics, the bowling average, the 
economy rate and the strike rate. The CBR was used to rank bowlers according to their 
bowling ability and classified them according to a ten-class classification scheme by 
means of the bootstrap technique (Efron, 1990:79). 
Beaudoin and Swartz (2003) proposed that within cricket, and more specifically batting 
and bowling, the crucial aspect is the number of runs scored in relation to the resources 
                                                 
5
 From Wood (1945). 
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used during a player’s duration of play. This concept of resources, introduced in 
Duckworth and Lewis (1998), was based on the number of wickets lost and the number 
of balls remaining to be bowled. The calculation of their statistic made use of the 
Duckworth and Lewis resource table, found in Appendix 1 of Duckworth and Lewis 
(2002). Their statistic was calculated as the total number of runs, divided by the total 
resources used, multiplied by a hundred. This statistic, called the runs per match (RM) for 
a cricketer, applied to both batsmen and bowlers. For a batsman, the numerator was the 
total number of runs scored, and for a bowler, the numerator was the total number of runs 
conceded, with both having a denominator of the total resources used, multiplied by a 
hundred. A high value denoted a good batsman and a low value, a good bowler. This 
appeared to be a reasonable approach, providing a simple statistic that applied to both 
batsmen and bowlers. One drawback though, would be the difficulty with which one 
would calculate the statistic. This is not a difficulty in a mathematical or computational 
sense, but lies in the retrieval of the cricket data; in other words, the way the data is 
originally recorded. 
Barr and Kantor (2004) suggested an alternative approach with regard to the selection 
criterion of cricket players. The paper considered the comparisons and selections of 
batsmen in limited overs cricket. They achieved this by using a two-dimensional 
graphical representation of the strike rate versus the probability of going out; these 
statistics were defined as follows: 
	   
!"##	  
Similar to that of Barr and van den Honert (1997), this approach was based on the 
concept of risk versus return, borrowed from Financial Analysis. The ‘return’ in this case 
was represented by the strike rate and the ‘risk’ was the probability of going out. 
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An expected observation was that the more a batsman attempted to increase his strike 
rate, the higher the probability of going out. This paralleled what occurs in the financial 
markets where the higher the expected returns the higher the inherent risk. This analysis 
of risk versus return for batsmen was represented graphically with the strike rate 
represented on the vertical axis and the probability of going out on the horizontal axis. An 
illustrative example using data collected in this study is given in Figure 2.2. 
 
Figure 2.2 A risk versus return for batsmen using their domestic Pro20 statistics. 
Three aspects of a batsman’s ability are represented on this graph, namely, strike rate, 
probability of going out, and batting average. This is achieved by making use of the 
following identity, based on the definitions of the strike rate and the probability of going 
out by Barr and Kantor (2004): 

!"## 	

 
                                         	#$#. 
This identity is represented by rays coming from the origin of the graph, an example of 
which can be seen in Figure 2.2. It should be noted that when two or more batsmen lie on 
the same ray, they have the same batting average. This can be seen with the two enlarged 
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red markers on the graph showing that both AM Amla and L Klusener have a batting 
average of 31.11. 
Considering Figure 2.2, batsmen located in the North-West corner would be considered 
useful limited-overs players. Assuming team selection is the objective, players in this 
region of the graph would be desirable as they exhibit high strike rates with low 
probabilities of going out. According to this graph, AM Blignaut is such a batsman, with 
a strike rate of 170.59 and a probability of going out of 2.35%. On the contrary, batsmen 
located in the South-East corner would not be considered useful limited-overs players. 
Once again assuming team selection is the objective, players in this region of the graph 
would not be desirable as they exhibit low strike rates with high probabilities of going 
out. According to this graph, DN Crookes is such a batsman, with a strike rate of 86.96 
and a probability of going out of 13.04%. 
The graphical representation of Figure 2.2 would also be useful to compare batsmen with 
a specific batting average, with respect to either their strike rate, or their probability of 
going out. As an example, consider AM Amla and L Klusener who both have a batting 
average of 31.11. Their respective probabilities of going out are 3.46% and 4.21%. AM 
Amla would therefore be more desirable, as his probability of going out is less than that 
of L Klusener. 
Barr and Kantor (2004) defined a selection criterion function. This function was a 
weighted product of the batting average and the strike rate, as follows: 
%#&!	'()'#$#(-), 
where the weighting was achieved by using an exponent, 0 ≤ α ≤ 1. By changing α, the 
weighting between the strike rate and the batting average could be varied. This ability to 
change the weighting factor leaves one with the question of what weighting would be 
appropriate for this application; setting α = 0 gives no importance to the strike rate, and 
setting α = 1 gives no importance to the batting average. Barr and Kantor (2004) used two 
weighting values, α = 0.5 and α = 0.75, for the purpose of illustrating their selection 
criterion. 
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The selection process was continued by ranking the players according to the result of this 
formula, where a high value denotes an increased suitability (of the player), with a lower 
value denoting a lesser suitability. 
Overall this approach seems reliable as it combines the two factors of batting, the average 
and the run rate, in an intuitive way by means of a weighted product. 
The usefulness of the risk versus return approach is that it can be applied to many 
abilities in cricket. Therefore, in a similar manner, this approach to analyzing batting can 
be applied to bowling. This requires that the bowling strike rate be plotted on the vertical 
axis and the economy rate on the horizontal axis. An illustrative example using data 
collected in this study is given in Figure 2.3; it is identical to Figure 2.1, excluding the 
hyperbolic contour. 
 
Figure 2.3 A risk versus return for bowlers using their domestic Pro20 statistics. 
As low bowling statistics are desirable in bowlers, the approach to interpreting Figure 2.3 
is slightly different to that of Figure 2.2. Considering Figure 2.3, bowlers located in the 
South-West corner would be considered useful limited-overs players. Presuming team 
selection is the objective, players in this region of the graph would be desirable as they 
exhibit low bowling strike rates with low economy rates. According to this graph, GJ 
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Kruis is such a bowler, with a strike rate of 24.0 and an economy rate of 4.50. However, 
bowlers located in the North-East corner would not be considered useful limited-overs 
players. Once again, assuming team selection as the objective, players in this region of 
the graph would not be desirable as they exhibit high strike rates together with high 
economy rates. According to this graph, ET Nkwe is such a bowler, with a strike rate of 
78.0 and an economy rate of 9.00. Note that there are four markers lying on the x-axis; 
these bowlers’ strike rates are undefined as they have not yet taken any wickets. 
Lemmer (2004) proposed a measure of the batting performance of cricketers, which 
included an aspect of consistency in the measure. This measure was based on an 
exponentially weighted average (in place of the normal batting average) and two scaling 
factors. The factors included one for consistency and one for the strike rate. Similar to 
Lemmer (2002), this batting performance measure was used to rank batsmen according to 
their batting ability and classified them according to a ten-class classification scheme by 
means of the bootstrap technique (Efron, 1990:79). 
A paper which used a unique methodology was that of Gerber and Sharp (2006). They 
used a method of normalization in an effort to overcome the obstacle of combining all the 
players’ basic statistics, providing for a comparable measure between the various 
cricketing disciplines. This method comprised of the creation of indices, or so-called 
ability coefficients, which were reasonably simple and could easily be determined in a 
spreadsheet. A binary integer programming model was used for the selection process of 
an ODI cricket squad, for which they used the statistics of 32 South African cricket 
players. 
The Lemmer (2002), Lemmer (2004) and Gerber and Sharp (2006) papers were only 
briefly discussed as they will be discussed in more detail in subsequent chapters. The 
model from this study is based on some of their methodologies. All their outcomes, 
including that of this study, will be compared and discussed in detail. 
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Chapter 3 
Methodology 
3.1 Introduction 
The methodology followed in this research followed the work of Lemmer (2002, 2004) 
and Gerber and Sharp (2006). The research of Lemmer (2002, 2004) defined methods for 
ranking players according to their bowling and batting abilities. The research of Gerber 
and Sharp (2006) defined a practical approach to combining basic cricket statistics and 
then used this approach in the selection of a limited overs cricket squad. This research 
makes use of the Lemmer (2002, 2004) and Gerber and Sharp (2006) methodologies in 
an attempt to provide a better-rounded model. 
In general, the published papers used some of the commonly quoted cricket statistics, 
namely, for batting; the batting average and the batting strike rate, for bowling; the 
bowling average, the economy rate and the bowling strike rate, and for fielding and 
wicket-keeping; the dismissal rate. These statistics are often considered as measures of 
the skill of cricket players. Each statistic provides a different facet of a cricketer’s 
abilities; therefore, they were included in this study when attempting to determine a 
player’s ability. 
 
3.2 The Data 
The data used to illustrate the models evaluated in this study was collected from the 
CricInfo website
6
 and captured into MS Excel. For batting, the data included the total 
number of runs scored, the total number of innings in which the batsman was dismissed 
and the total number of balls faced. For bowling, the data included the total number of 
runs conceded, the total number of wickets obtained and the total number of overs 
                                                 
6
 See references. 
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bowled. Lastly, for fielding and wicket-keeping, the data included the total number of 
dismissals. The data for a total of 137 players were collected, covering the three seasons, 
2003/04, 2004/05 and 2005/06. 
 
3.3 Definition of Statistics 
The definitions of statistics used in this study are now defined. Illustrative examples are 
provided to consolidate understanding. 
Batting statistics: 
Let 
+	  
,	#-&&-  
.	  
then define 
#$#	 + ,  
#	/+ . 0
 
Example: 
Suppose that 
+	
,	1
.	  
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then the 
#$#	  1 	  
#	/  0 	 1
 
Bowling statistics: 
Let 
+2	 
%	- 
3	$- 
	- 
then define 
-#$#	 +2 %  
-#"	 +2 3  
-#	  % 
 
Example: 
Suppose 
+2	
%	
3	1
	  
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then the 
-#$#	   	 
-#"	  1 	 
-#	   	 
 
Fielding and wicket-keeping statistics: 
Let 
4	 
5	#6"  
&&4	 4 5 
 
Example: 
Suppose 
4	1
5	  
&&4	 1  	 1.
 
Team selection requires choosing the best players as defined by an appropriate 
performance measurement. The problem now, is how to select players based on statistics 
which are on different scales. Consider choosing the better player between a batsman 
with a batting average of 25 and a bowler with a strike rate of 25. Which is the better 
player? This is easily answered if all abilities are captured on the same scale. 
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Generalizing the normalization approach from Gerber and Sharp (2006), one possible 
procedure in cases where comparison is required for these measurements, is given by the 
formula: 
7-8	 9 :  ;<  
where 
66" 
&-&&6" 
This provides for comparable measures with respect to their means, with each measure 
now having a mean of 1. One aspect still lacking in the comparability of this measure is 
that of differing standard deviations. One possible procedure to adjust for this, used in 
Lemmer (2004), is given by the following: 
When wanting to equate the standard deviations of all the measures, a base measure 
needs to be selected. All the other measures’ standard deviations will be scaled in relation 
to that of the base measure. For example, select to scale all the measures’ standard 
deviations down, or up, in relation to that of the batting average. Next let 
=	<-'(6" 
"	36" 
>=	$6" 
>"	$6"  
then =	">= >" . 
This formula must be applied recursively until the required level of accuracy has been 
achieved. In this study, it was found that three or four iterations were enough to obtain an 
accuracy of at least three decimal places. The following example clarifies the recursive 
nature of the scaling procedure. 
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Example: (Scaling the bowling ability measure): 
Select the batting average as the base measure. Assume "	
  >=	 and 
>" 	?; &&<--#"	
 ? 	1. 
After this first calculation for all the players, the standard deviation is found to be, 
>" 	. 
Continuing with the next recursion, the New bowling ability measure 2 = 
1  	1. 
After this second calculation for all the players, the standard deviation is found to be, 
>" 	. 
Continuing with the final recursion, the New bowling ability measure 3 = 
1  	1
. 
After this final calculation for all the players, the standard deviation is found to be, 
>" 	. 
This is the same as that of the standard deviation of the base measure for all the players, 
>= 
Using the previous two scale adjustments provides a simple statistic to compare different 
measures. We define this statistic as the ability-index coefficient. This is useful in the 
case of cricket statistics where there are several abilities within the discipline. This study 
requires that these coefficients only be calculated for those players considered specialists 
in their fields, i.e. batting, bowling, fielding, wicket-keeping, or as all-rounders. 
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3.4 Optimization – Theory and Models 
Using the ability-index coefficients, a model is constructed using Linear Programming 
(LP). LP is used for determining the optimal solution to specific problems. It is based on 
an objective function and various constraints. The objective and constraint functions are 
strictly linear and are made up of decision variables. These three components are 
described as follows: 
• The decision variables are the unknown values that we are looking for. 
• The objective function defines the optimization function in terms of the 
decision variables. 
• The constraints define the restrictions on the available resources in terms of 
the decision variables. 
3.4.1 The Linear Programming Model 
A generalized example of an LP problem follows: 
7=8@	=A= 
Subject to the following constraints: 
=A=B
=A=B
=A=B
= =C. 
The LP problem example may be expressed in matrix form as follows: 
7=8@	= 
Subject to the following constraints: 
D=B =C. 
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The question to be answered? What values of x1 and x2 will maximize Z? The answer to 
this may easily be obtained using the simplex method as discussed by Taha (2003:80).  
3.4.2 The Binary Integer Programming Model 
As the model developed in this study is one of team selection, it becomes clear that the 
decision to be made is whether player i should be selected or not. Such problems are best 
solved using integer programming techniques where the decision variables take on the 
value 1 if the player is selected and 0 if the player is not selected. Therefore, from the LP 
problem example in section 3.4.1, the constraint = =C would have to be replaced by 
= =	. This transforms the problem into what is known as an Integer 
Programming (IP) problem, or more specifically, a Binary Integer Programming (BIP) 
problem. 
According to Taha (2003), the Branch-and-Bound method is the most reliable in the 
calculation of the optimal solution to an Integer Programming problem, and therefore a 
BIP problem. This method initially solves a problem as a normal LP problem. If one of 
the decision variables in the solution is non-integer, the problem branches out into two 
duplicate problems, each with an added constraint. 
Consider the following example of this process: 
Assume the initial solution had a decision variable x1 = 2.5. 
The problem now becomes two separate problems, each with one of the following 
constraints added, respectively: 
= B = C . 
This ensures that no non-integer solution is possible between the values 2 and 3. 
The two problems are now solved separately, and if they still don’t yield an all-integer 
solution the same process as described gets repeated. This branching of the individual 
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problems continues until all the possible alternative all-integer solutions are reached. At 
this point, the optimal solution may be determined. 
For the purposes of this study, the calculation of the optimal solution to the BIP problem 
was made relatively simple by using a software add-in from MS Excel, namely Solver. 
According to Microsoft on Solver
7
, “Linear and integer problems use the simplex method 
with bounds on the variables and the Branch-and-Bound method”. This is in agreement 
with Taha (2003). As the focus of this study is on using a binary integer programme, the 
Branch-and-Bound method was employed. 
The BIP problem was dealt with as one of maximization, and as such, the maximization 
of the objective function. This function was defined as the sum of all the ability-index 
coefficients, multiplied by whether the player is selected or not, maximizing the ability-
indexes for all the ability categories. 
The constraints consist of those essential for the problem, and others which were included 
to illustrate the flexibility of the model. The essential constraints are as follows: 
• The sum of all the decision variables must equal the required number of selected 
players, i.e. 15. 
• The sum of all the decision variables per player must equal 1. This ensures that a 
player is only selected once. 
• By definition, the decision variables can only equal 0 or 1. 
The remaining constraints used are as follows: 
• The number of specialist batsmen must be at least 6. 
• The number of specialist bowlers must be at least 6. 
• The number of specialist batting/bowling all-rounders must be at least 2. 
• The number of specialist wicket-keepers must equal 1. 
                                                 
7
 Retrieved from http://support.microsoft.com/kb/82890. 
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Many other constraints are possible, all depending on the objectives set by those 
implementing the model. 
 
 26 
 
Chapter 4 
The Theory behind the Models 
In this chapter, the models developed by Lemmer (2002, 2004), Gerber and Sharp (2006) 
and the author will be discussed. The results of the empirical analysis are given in 
Chapter 5. 
 
4.1 Model 1 – H.H. Lemmer (2002, 2004) 
Model 1 was concerned with the ranking of players, based on their abilities. This 
approach was more mathematical than the Gerber and Sharp (2006) model (Model 2). 
Also, it was not a single generic model that could be applied to all cricketing abilities, but 
rather two separate measures, one for bowling and one for batting. These measures are 
discussed individually in the next sections. 
4.1.1 Bowling 
The first of these measures was that of a combined bowling rate (CBR). This measure 
was used as a means of calculating the bowling performances of cricket players. The 
CBR was based on the fact that common cricket statistics, and more specifically bowling 
statistics, were defined in the form of a rate. 
Let, 
+	,
%	-,
3	$-,
	-. 
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The common bowling statistics are defined as: 
• D$#'D(	 + % , 
• E"'E(	 + 3 , 
• '(	  % . 
In order to combine these three statistics, Lemmer (2002) used the principle from Kenney 
and Keeping (1954:57). This principle states that in order to find the average of ratios, the 
harmonic mean should be used. This method has the restriction that the numerator of the 
ratio can be regarded as fixed and the denominator as variable. 
Of the three bowling statistics the ratios of the average and the economy rate have the 
same numerator. Therefore in the calculation of the CBR, these two statistics present no 
problems. With regard to the strike rate, a ‘work-around’ is necessary and is illustrated in 
this example. 
The harmonic mean, or CBR, was defined as: 
CBR 	  FGD A E A H I JK

	  F%+ A 3+ A% JK

	 + F%A3A%L +JK

	 '+A+A+( M%A3ANK -&	%L +
	 '%LDA3LEAL( M%A3ANK 
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For calculation purposes and ease of use, Lemmer (2002) suggested using the CBR 
formula in the following form: 
2+	 + F%A3A%L +JK
 
Also, it should be noted that, since it was preferable for a bowler to have bowling 
statistics as small as possible, the smaller the CBR, the better the bowler. Using this 
approach, one is able to rank bowlers according to their perceived bowling ability. 
4.1.2 Batting 
Lemmer (2004) proposed the use of a measure of batting performance, BP, for the 
purpose of comparing various batsmen according to their batting ability. BP was defined 
as the product of three components, namely, an exponentially weighted (batting) average, 
a measure of consistency and a modified strike rate, as follows: 
!	E%D2+! 
As opposed to that of the measure of bowling performance, and since it is preferable for a 
batsman to have batting statistics as large as possible, the larger the BP, the better the 
batsman. Using this approach, one is able to rank batsmen according to their perceived 
batting ability. 
Lemmer (2004) further proposed the use of the consistency coefficient (CC) as a 
component of evaluating batting performance (BP). The CC was a function of the sample 
standard deviation and the sample mean and thus was influenced by both measures. This 
measure was first suggested by Lemmer and Nel (2001a), but was found to have two 
serious limitations. The first limitation was the adverse influence on CC for the case 
when batsmen were not out and scored low scores. These low scores (i.e. far from the 
mean score) increased the standard deviation of the scores which in turn adversely 
influenced the batsmen’s CC. The second limitation was when a batsman scored an 
unusually high score. These high scores (considered a good result for the batting team) 
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increased the standard deviation of the scores which again adversely influenced the 
batsmen’s CC. 
These limitations provided the justification for using the adjusted coefficient of variation 
(ACV). The ACV was defined in Lemmer and Nel (2001b) as: 
D2O	 DP$#$# 	
>P
Q 
The adjusted standard deviation (>P) was obtained by excluding all not out scores and 
all scores above the sample mean. This measurement would be less likely to be 
influenced by outliers (i.e. high scores and low not out scores) and was thus considered 
more robust. The >P was then calculated in the usual manner with the remaining scores. 
In addition, the batting average was estimated as the sum of all the batsman’s scores 
divided by the number of innings in which the batsman was dismissed. 
The inverse of the ACV was then used to define the consistency coefficient (CC), i.e. 
22	  D2O . 
According to the definition of CC, one observes that the higher the CC value, the higher 
the consistency of the batsman. 
For the purpose of combining the CC into a measure of batting performance, the 
following ratio was used. This follows the same methodology as was employed by Barr 
and Van den Honert (1997). 
2	 22D$#'22( 
Lemmer (2004) claimed that the motivation for using an adjusted batting average was 
that recent batting performances should carry more weight than older batting 
performances. This adjustment was achieved by using an exponentially weighted average 
(EWA) with a weighting factor  of 0.96. 
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The calculation of the EWA was given as: 
E%D	 %
	 -A=%-A
	 =A=-ARA-=AARA-  
where,  
&-#&# ##-'BB( 
&$ 
=&&$ 
	S =--	  
%	S -	  
Apart from the role the batting average plays in defining a batsman’s abilities, the strike 
rate (SR) also plays a big role in limited overs cricket. Therefore, the strike rate was used 
as an added factor by means of the following formula, similar to that of C: 
+	 +D$#'+( 
According to Lemmer (2004), in order to combine the EWA with both C and R, each 
measure needed to have the same weighting. This was achieved by scaling the standard 
deviation or R down, relative to C, and defining the new factor, RP, by means of the 
following formula: 
Let >2	$2 and >+	$+. 
Then +!	+>2 >+ . 
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4.2 Model 2 – H. Gerber & G.D. Sharp (2006) 
Gerber and Sharp (2006) treated the selection of a 15 player cricket squad as an 
optimization problem. It considered a model as an Integer Programme (IP), more 
specifically, a BIP model. 
One of the requirements of the IP model was that the decision variables were measured 
on the same scale. The reason for this was when working with a maximization problem, 
the higher valued variables would be preferred and therefore selected before the lower 
valued variables, e.g. as Gerber and Sharp (2006) stated, batting averages of cricketers 
are usually in the 30’s or 40’s and economy rates of bowlers are preferably below 4.5. 
Therefore, batsmen would take preference in the selection process. To overcome this 
obstacle, an ability-indexing method was introduced. This indexing method was only to 
be applied to the specialist ability measures of a player, and not on their secondary 
abilities. This meant that all players were defined specifically as specialists in one of the 
following categories, namely batting, bowling, fielding, wicket-keeping, or as all-
rounders. 
The formulae and descriptions of the measurements of each ability-index coefficient are 
discussed next. 
Firstly, let 
	  R &6" 
	&6&" 
Consider first the Batting ability. 
Let Q 	#$#,	=6"  
then ,	 9 Q: Q	 ;  . 
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This equation ensured that, based on their batting averages, batsmen's abilities were 
comparable to each other, as well as to the other cricketing abilities. 
It should be noted that in the calculation of the preceding ability-index coefficient, the 
normal batting average is used and not an exponentially weighted average (EWA), as was 
used in the discussion of Lemmer’s (2004) bowling performance measure. 
Consider now the Bowling ability. 
With regard to the IP model, the problem is that of maximization. This is acceptable 
when working with the batting average. However, when dealing with the economy rate, 
the preference is for a smaller value, therefore the objective function should be 
minimized. For the purpose of Model 2, all the abilities were to be consistent with a 
maximization problem. To address this problem, Gerber and Sharp (2006) multiplied the 
bowling ability by -1, and added the smallest possible positive integer (k) to ensure the 
results were positive coefficients only. 
Let E- 	E"-, and $E 	 T– 9 E-: E-	 ;V and -, = Bowl 
index for player  
then -,	 9 $E: $E	 ;. 
These equations ensured that, based on their economy rates, bowlers’ abilities were 
comparable to each other, as well as to the other cricketing abilities. 
Consider now the Fielding ability. 
Let 4W 	4W.,	.=6" 
then .,	 9 4W: 4W	 ;  . 
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Based on their dismissal rates, this equation ensured that fielders’ abilities were 
comparable to each other, as well as to the other cricketing abilities. 
Consider now the All-rounder ability. 
Four types of all-rounders were defined by Gerber and Sharp (2006). They were stated 
as: 
• Players who were proficient at both batting and bowling, 
D-=6"	  M,A-,N. 
• Players who were proficient at both batting and fielding, 
D-=6"	  M,A.,N. 
• Players who were proficient at both bowling and fielding, 
D-=6"	  M-,A.,N. 
• Players who were proficient at batting, bowling and fielding, 
D-=6"	  M,A-,A.,N. 
These equations ensured that, based on their respective abilities, all-rounders’ abilities 
were comparable to each other, as well as to the other cricketing abilities. 
Consider now the Wicket-keeping ability. 
Let 4XYZ[\ 	46%, 	 %=6" 
then %,	 9 4]\^_\: 4]\^_\	 ;  . 
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Based on their dismissal rates, this equation ensured that wicket-keepers’ abilities were 
comparable to each other, as well as to the other cricketing abilities. 
To conclude the list of ability indexes, a wicket-keeping all-rounder ability was defined. 
This ability considered wicket-keepers who were also proficient at batting. The index of 
this ability was calculated using the following equation: 
`%=6"	 a M,A%,N. 
As the preceding lists of abilities were created at the discretion of Gerber and Sharp 
(2006), other researchers may have chosen different ability measures. Therefore, the 
model was defined to consider p possible abilities. This was tabulated in Gerber and 
Sharp (2006) and replicated in Table 4.1. 
Table 4.1 A two-way representation of players and their respective abilities. 
  Abilities 
  Bat Bowl Field All-round 1 All-round 2  p
th
 ability 
  1 2 3 4 5  p 
Players 
1 a1,1 a1,2 … … … … a1,p 
2 a2,1       
M         
n an,1      an,p 
In terms of the IP model, the decision variables were defined as: 
b=P 	 c 6""P 6""Pd  
Let P denote the index coefficient for player  and ability j. 
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The objective function was to maximize Z where, 
@	8A8ARA86, 
where 8P	 : P=P  for all j’s. 
In other words, maximizing the ability indexes for all the abilities, 1 through to p. 
Another functionality giving this model its flexibility, was the ability to add, remove, or 
change the constraints as desired by the person implementing the model. If, for example, 
it was required to have a certain number of batsmen, the constraint could easily be 
included into the model. 
Gerber and Sharp (2006) stated that certain constraints were required for the IP model. 
These default constraints were given as: 
• : : =P	P  - Exactly k players were required for selection of the squad. 
• : =P	P  - To ensure a player would only be selected once. 
• =P	 - Required by definition of the decision variables. 
Gerber and Sharp (2006) then generalized examples of further constraints for the IP 
model. These constraints were given as: 
• : =C   - To ensure the minimum number of players with ability 1 
(batsmen) would be at least a. 
• : =C   - To ensure the minimum number of players with ability 2 
(bowlers) would be at least b. 
e 
• : =6C6   - To ensure the minimum number of players with ability p 
would be at least p. 
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Other constraints were possible, and Gerber and Sharp (2006) stated in their study that 
these were left to the discretion of the person implementing the model. Examples of these 
constraints will be seen in forthcoming chapters when implementing the model. 
 
4.3 Model 3 – M. Lourens 
This is the model proposed in this study and is related to that of Model 2. Model 3 uses 
the same methods to calculate ability-index coefficients and also uses a Binary Integer 
Programming (BIP) model routine to find the optimal solution. 
In Section 4.2, one of the requirements of an IP or a BIP model was that the decision 
variables be measured on the same scale. To overcome this obstacle in the model 
proposed, an ability-indexing method was also used. This indexing method was only 
applied to the specialist ability measures of a player and not on their secondary abilities. 
Considering the implementation of Model 2’s ability-indexing method, the following 
limitations were observed: 
• For the batting ability, only the batting average was considered. Model 2 did not 
include the strike rate in their model. Given that the strike rate is generally an 
important indicator of a batsman’s ability in one-day cricket, this model addresses 
this limitation. 
• For the bowling ability, only the economy rate was considered. Model 2 did not 
include the bowling average or the bowling strike rate in their optimization 
programme. Given that both these statistics are generally important indicators of a 
bowler’s ability in one-day cricket, this model also addresses this limitation. 
To improve the IP model of Model 2, this study included the statistics, batting strike rate, 
bowling average and bowling strike rate in the model proposed. These statistics are all 
assigned equal weightings within their respective measures, as to date no research has 
been done that would suggest that these cricket statistics should be weighted differently. 
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It is expected that the inclusion of these performance measures will add value to team 
selection as more informed decisions can be made. 
The ability indices used in this study are now defined. Included with the functions are 
brief descriptions of the performance measurements. 
The formulae, together with their description, of the measurement of each ability-index 
coefficient follow: 
Firstly, let 
	  R &6"  and
	&6&" 
Consider first the Batting ability. 
Initially, the separate indices were calculated as follows: 
Let 
Q 	#$#,
,=6"	 9 Q: Q	 ;  . 
Next, let 
 	, 
,=6"	 9 : 	 ;. 
They were then combined by the calculation of their average, giving each of the batting 
statistics an equal weighting as follows: 
Let ,	=6"  
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&,	  T9 
Q: Q	 ;A9
: 	 ;V. 
This equation, based on an even weighting of batsmen’s respective batting averages and 
strike rates, provided a partly
8
 comparable measure of ability to each other, as well as to 
the other cricketing abilities. 
Consider now the Bowling ability. 
Gerber and Sharp (2006) identified the problem of optimizing an objective function with 
abilities which are diametrically opposed; teams would like to maximize the batting 
measures and minimize the bowling measures. The same problem was encountered in 
this study. As in Model 2, it was decided to transform all measures to be in line with a 
maximization problem. Therefore, each bowling ability, namely, the bowling average, the 
economy rate and the strike rate, was multiplied by -1, respectively, and the smallest 
possible positive integers (k1, k2 and k3) added to each of them to ensure the results were 
positive coefficients only. 
Firstly, let 
Q- 	-#$#-,
$Q 	 T– 9 Q-: Q-	 ;V,
,=-6"	 9 $Q: $Q	 ;. 
Next, let 
E- 	E"-, 
$E 	 T– 9 E-: E-	 ;V,
,=-6"	 9 $E: $E	 ;. 
                                                 
8
 As discussed on page 41. 
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Finally, let 
- 	-, 
$ 	 T- 9 -: -	 ;V, 
,=-6"	 9 $: $	 ;. 
These ability measurements are then combined by the calculation of their average, giving 
each of the bowling statistics an equal weighting, as follows: 
Let -, = Bowl index for player   
&-,	  T9 $Q: $Q	 ;A 9
$E: $E	 ; A 9
$: $	 ;V. 
This equation, based on an equal weighting of bowlers’ respective bowling averages, 
economy rates and strike rates, provided a partly
9
 comparable measure of ability to each 
other, as well as to the other cricketing abilities. 
Consider now the Fielding ability. 
Let 4W 	4W.,	.=6" 
then .,	 9 4W: 4W	 ;  . 
This equation, based on fielders’ dismissal rates, provided a partly
9
 comparable measure 
of ability to each other, as well as to the other cricketing abilities. 
  
                                                 
9
 As discussed on page 41. 
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Consider now the All-rounder ability. 
As was the case in Model 2, four types of all-rounders were defined; they were stated as: 
• Players who were competent in both batting and bowling, 
D-=6"	  M,A-,N. 
• Players who were competent in both batting and fielding, 
D-=6"	  M,A.,N. 
• Players who were competent in both bowling and fielding, 
D-=6"	  M-,A.,N. 
• Players who were competent in batting, bowling and fielding, 
D-=6"	  M,A-,A.,N. 
These equations, based on all-rounders’ respective abilities, provided partly
10
 comparable 
measures of ability to each other, as well as to the other cricketing abilities. 
Consider now the Wicket-keeping ability. 
Let 4XYZ[\ 	46%, 	 %=6" 
then %,	 9 4]\^_\: 4]\^_\	 ;  . 
This equation, based on wicket-keepers’ dismissal rates, provided a partly
10
 comparable 
measure of ability to each other, as well as to the other cricketing abilities. 
                                                 
10
 As discussed on page 41. 
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Completing the list of ability indices is that of players who are competent at both batting 
and wicket-keeping. The index of this ability is calculated using the following equation: 
`%=6"	 a M,A%,N. 
Although through the normalization process the means within all the respective index 
measures have been equalized to the value 1 (making them comparable in part, on this 
basis), their distributions are still not the same with respect to their standard deviations. 
To address this limitation, the Lemmer (2004) scaling procedure was used. This 
procedure, discussed in Chapter 3, was applied to the indices, making them comparable 
between the various abilities. As it was discovered that some of the index values were 
very close in value, this scaling procedure had to be relatively accurate. It was therefore 
decided to repeat the procedure recursively
11
 until and accuracy of at least three decimal 
places was achieved. 
It was arbitrarily
12
 decided to use the batting index as the base measure to which all the 
other measures would be scaled. 
As an example, starting the scaling procedure with the bowling index, the following 
methodology was followed: 
Let 
>	$&6", 
>-	$&-6". 
Then 
<--=6"	-=6"> >- 
	f gf
$Q: $Q	 hAf
$E: $E	 hAf
$: $	 hih
> >-
 
                                                 
11
 It was found that no more than 4 recursions were necessary. 
12
 This choice would not have any effect on the final outcome. 
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This procedure was followed for all the ability-indices up to and including the wicket-
keeping index. 
All the required ability-index coefficients according to the model design were now 
normalized, making them comparable within, and between each of the selected cricketing 
abilities. It is worthwhile noting that the preceding list of abilities was created at the 
discretion of the researchers Gerber and Sharp (2006). The current study replicates this 
list to illustrate the same flexibility as was found in Model 2. 
To maintain this flexibility, the model was defined to consider p possible abilities. This 
was shown in Table 4.1 of the Gerber and Sharp (2006) review. The methodology used in 
this study follows that of Model 2 with variables, coefficients, objectives and constraints 
defined as shown below. 
In terms of the BIP model, the decision variables have been defined as follows: 
b=P 	 c 6""P 6""Pd  
Let P denote the index coefficient for player  and ability j. 
The objective function was one of maximization, where, 
@	8A8ARA86, 
where 8P	 : P=P  for all j’s. 
That is, maximizing the ability indices for all the abilities, 1 through to p. 
An additional functionality giving this model its flexibility, was the potential a person 
using this model had in adding, removing, or changing the constraints as desired. For 
instance, if it was a requirement to have a certain number of bowlers or a specific player 
as captain, these constraints could easily be included into the model. 
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As was the case with Gerber and Sharp’s (2006) review, certain constraints were required 
for the BIP model. These default constraints were as follows: 
• : : =P	P  - Exactly k players were required for selection of the squad. 
• : =P	P  - To ensure a player would only be selected once. 
• =P	 - Required by definition of the decision variables. 
Some generalized examples of further constraints for the BIP model follow: 
• : =C   - To ensure the minimum number of players with ability 1 
(batsmen) would be at least a. 
• : =C   - To ensure the minimum number of players with ability 2 
(bowlers) would be at least b. 
e 
• : =6C6   - To ensure the minimum number of players with ability p 
would be at least p. 
Various other constraints are possible; these are left to the discretion of the person 
implementing the model. Examples of these constraints will be seen in the next chapter 
when implementing the model. 
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Chapter 5 
The Results of the Models 
In the preparation of the data, it was noticed that certain criteria would have to be set with 
respect to the inclusion of players in their respective specialist field/s during the course of 
this study. This decision was made due to the small amount of available data, given that 
only three seasons were played locally before the first ICC World Twenty20 cup. Three 
criteria have been set as follows: 
• At least 4 overs must have been played by the player in his respective specialist 
field/s during the three seasons’ worth of available data; this excludes fielding. 
• The number of overs played per match for the player must be at least 1. 
• All the statistics within a player’s respective specialist field/s needs to be defined. 
The above criteria contribute toward preventing outliers skewing the data, without which, 
non-optimal results would be obtained. The players that did not meet the above criteria 
within their respective specialist field/s were excluded from the implementations of all 
three models that are discussed. 
After the inclusion-criteria for the players were applied, 65 players’ batting statistics, 65 
players’ bowling statistics, 102 players’ fielding statistics and 15 players’ wicket-keeping 
statistics remained. In the all-rounder categories, 17 players’ batting/bowling statistics, 51 
players’ batting/fielding statistics, 56 players’ bowling/fielding statistics, 15 players’ 
batting/bowling/fielding statistics and 9 players’ batting/wicket-keeping statistics 
remained. These tabulated results are included in Appendix A. 
 
5.1 Model 1 – H.H. Lemmer (2002, 2004) 
Model 1 provided a more mathematical approach to the models than the Gerber and 
Sharp (2006) model (Model 2). A simple application of the formulae, representing the 
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CBR and BP respectively, was required for the calculation of these performance 
measures. 
The results of these two measures, albeit in part, were used to select six bowlers and six 
batsmen in order to create a comparative cricket squad. 
5.1.1 Bowling 
The CBR formula defined in Section 4.1.1 was used in the selection of the six bowlers. 
MS Excel was employed, as the application of this model simply required the substitution 
of statistics into the formula as well as the application of the necessary inclusion-criteria. 
Consider the following table, Table 5.1, of players with their respective calculated CBR 
values. The complete table is available in Appendix B.1.1. 
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Table 5.1 An illustrative list of the first twenty players
13
 ordered according to 
increasing CBR values. 
Player Overs Runs Wickets CBR 
1 Kruis, GJ 16 72 4 9.391 
2 van Vuuren, M 6 41 3 9.906 
3 Steyn, DW 22 98 4 10.149 
4 du Preez, D 10 64 4 10.511 
5 Nel, A 19 92 4 10.523 
6 Malao, JMM 4 32 2 11.077 
7 Smith, GC 10 70 4 11.250 
8 Deacon, WA 71 358 12 11.538 
9 Thyssen, CA 13 83 4 11.603 
10 de Bruyn, P 24 157 7 12.170 
11 Terbrugge, DJ 29 189 8 12.353 
12 Langeveldt, CK 12 57 1 12.399 
13 Dawson, AC 46 295 11 12.941 
14 Strydom, PC 30 172 5 12.945 
15 Pollock, SM 31 176 5 12.963 
16 Ntini, M 31 199 7 13.124 
17 Meyer, L 17 152 7 13.244 
18 Blignaut, AM 12 111 5 13.395 
19 Mpitsang, PV 17 126 5 13.415 
20 Harvey, IJ 18 147 6 13.710 
As the aim was to select the six best bowlers, in increasing order of their CBR values and 
hence in decreasing order of performance, the results were as follows: 
Bowlers – GJ Kruis, M van Vuuren, DW Steyn, D du Preez, A Nel and JMM 
Malao. 
For simplification, the results of the application of the CBR formula are discussed in 
Section 5.4, including the comparison of these results, to the proposed model. 
5.1.2 Batting 
The calculation of the BP measure required a few more computational steps than the 
CBR, but was still relatively simple. The BP measure consists of three components, 
namely the EWA, the scaled consistency coefficient C and a scaled version of the 
                                                 
13
 After the inclusion-criteria, defined in the beginning of Chapter 5, was applied. 
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normalized strike rate RP. The EWA is calculated using the respective batsman’s ordered 
runs, C is calculated using the consistency coefficient CC, and RP is calculated using R
14
 
and the standard deviations of C and R. A summary of the statistics of these components 
follow: 
Table 5.2 Statistics of batting data set. 
 CC C SR R RP 
Average 4.820 1.000 115.400 1.000 1.154 
Standard Deviation 3.222 0.669 23.642 0.205 0.741 
An illustrative list of players and their respective calculated BP values are as follows. The 
complete table is available in Appendix B.1.2. 
Table 5.3 An illustrative list of the first twenty players
15
 ordered according to 
decreasing BP values. 
Player Innings BP 
1 Pollock, SM 9 99.203 
2 Blignaut, AM 5 76.976 
3 Sugden, CB 4 76.908 
4 Ackerman, HD 4 65.096 
5 de Villiers, AB 7 56.300 
6 Wingfield, WR 4 55.681 
7 Kallis, JH 4 52.231 
8 Bosman, LL 19 48.218 
9 Henderson, T 17 47.621 
10 de Bruyn, P 6 43.323 
11 Rudolph, JA 8 41.694 
12 Watson, DJ 5 39.993 
13 Smit, K 7 39.353 
14 Rowley, G 5 37.586 
15 Kemp, JM 11 35.910 
16 Petersen, AN 10 35.844 
17 Morkel, JA 12 34.096 
18 Symcox, RP 3 33.703 
19 Cullinan, DJ 7 27.498 
20 Klusener, L 15 25.909 
                                                 
14
 Based on the batsman’s strike rate (SR). 
15
 After the inclusion-criteria, defined in the beginning of Chapter 5, was applied. 
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Considering the above table, Table 5.3, the six batsmen, in decreasing order of their BP 
values and hence in decreasing order of performance, were as follows: 
Batsmen – SM Pollock, AM Blignaut, CB Sugden, HD Ackerman, AB de 
Villiers and WR Wingfield. 
A discussion of results pertaining to the BP measure, including a comparison of this 
model to the proposed model follows in Section 5.4. 
 
5.2 Model 2 – H. Gerber & G.D. Sharp (2006) 
Model 2 was concerned with the selection of a 15 player cricket squad, using a BIP 
model. Its flexibility was shown by the use of various ability measures, as well as a 
number of possible constraints. 
Consider the following illustrative table, Table 5.4, of players’ respective calculated 
ability-index coefficients. The complete table is available in Appendix B.2. 
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Model 2 was defined as follows: 
Objective function – 
@	8A8ARA8
 
Constraints –  
The default constraints were set as follows: 
• : : =P	1P  - Exactly 15 players were required for selection of the 
squad. 
• : =P	P  - To ensure a player would only be selected once. 
• =P	 - Required by definition of the decision variables. 
The model-defined constraints were as follows: 
• : =C   - To ensure the minimum number of specialist batsmen 
would be at least 4. 
• : =C   - To ensure the minimum number of specialist bowlers 
would be at least 4. 
• : =C   - To ensure the minimum number of specialist fielders 
would be at least 1. 
• : =C   - To ensure the minimum number of specialist 
batting/bowling all-rounders would be at least 2. 
• : : =PP	 1 ? j C  - To ensure the minimum number of specialist all-
rounders (all categories) would be at least 3. 
• : : =PP	 
 C   - To ensure the minimum number of specialist 
wicket-keepers would be at least 1. 
  
 51 
 
A captain for the squad was selected using the following constraint
17
: 
• : =1P	P   - To ensure M van Jaarsveld was selected (player 45 in the 
list) as captain of the squad. 
The above constraints ensured the squad consisted of at least six batsmen, six bowlers, 
one specialist fielder and one wicket-keeper. 
Solver was used in the calculation of the solution to this model. In keeping the amount of 
data to be worked with to a minimum, the following procedure was initially followed: 
Based on the definition of Model 2, only fifteen players were selected for the squad; that 
is, no more that fifteen players per specific specialist ability were needed in the 
calculation of the final solution. For this reason, only the best fifteen players of each 
specialist ability were kept and the rest deleted. This provided for sufficient data in the 
application of the model, at the same time, not affecting the optimal solution in any way. 
The members of the squad, as selected by the BIP model, and in order of decreasing 
ability, in the respective specialist categories, were as follows: 
Batsmen –  AM Blignaut, TL Tsolekile, AN Petersen and HD Ackerman. 
Bowlers –  DW Steyn, GJ Kruis, CK Langeveldt and A Nel. 
Fielders –  AG Puttick, JP Kreusch and M van Jaarsveld. 
All-rounders – R Telemachus (Bowling/Fielding), JM Kemp (Batting/Bowling) 
and SM Pollock (Batting/Bowling). 
Wicket-keeper – MN van Wyk 
For simplification, the results of Model 2 are discussed in Section 5.4, including the 
comparison of these results to the proposed model. 
                                                 
17
 In keeping with the illustration of flexibility in the Gerber and Sharp (2006) model, for the purpose of 
this study, M van Jaarsveld was arbitrarily selected as captain. 
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5.3 Model 3 – M. Lourens 
The focus of this model was on selecting a 15 player cricket squad using the methodology 
developed by Gerber and Sharp (2006), namely the use of a BIP model, and to a lesser 
extent the methodology of Lemmer (2002, 2004). 
Since only 15 players were selected, importance was placed on the allocation of these 
players into specialist ability categories so as to provide for optimal selection. As a result 
of the very limited number of overs in Pro20 cricket, emphasis was placed on the 
selection of the best batsmen and bowlers as their contribution is critical in the shorter 
version of the game. 
Arguably the most important aspect in the game of cricket is the number of runs made in 
a given match. It was therefore decided to look at the number of runs made by all the 
winning teams, in matches played over the three seasons included in this study. This 
would give a general indication of the number of runs necessary to win a match. The 
average number of runs ‘needed’ was found to be 147.70. 
Considering the average number of runs made by all the batsmen during the three 
seasons, which was found to be 24.73, one can assume that by dividing this value into the 
average winning number of runs per match (147.70), would give the required number of 
batsmen necessary to win a match. Since the value of 5.97 was obtained, it suggested that 
at least six batsmen be selected. This provided the reason for selecting six batsmen for the 
previous comparative model, that of Lemmer (2004). 
Given that it is not yet known which abilities take precedence with respect to batting and 
bowling, it was arbitrarily decided to select the same amount of bowlers as batsmen for 
the current model, i.e. at least six. 
Returning to the results of this model, following is Table 5.5 with an illustrative list of 
players, similar to that of the second discussed model from Section 5.2, with their 
respective calculated ability-index coefficients. The complete table is available in 
Appendix B.3.  
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Continuing with this study’s model and its defined constraints, its definition follows: 
Objective function – 
@	8A8ARA8
 
Constraints – 
The default constraints were as follows: 
• : : =P	1P  - Exactly 15 players were required for selection of the 
squad. 
• : =P	P  - To ensure a player would only be selected once. 
• =P	 - Required by definition of the decision variables. 
The model-defined constraints follow: 
• : =C?   - To ensure the minimum number of specialist batsmen 
would be at least 6. 
• : =C?   - To ensure the minimum number of specialist bowlers 
would be at least 6. 
• : =C   - To ensure the minimum number of specialist 
batting/bowling all-rounders would be at least 2. 
• : : =PP	 
 	   - To ensure the number of specialist wicket-keepers 
would be equal to 1. 
Summarizing the above model, the constraints ensured that the squad consisted of at least 
six batsmen, six bowlers, two batting/bowling all-rounders (making the actual number of 
batsmen and bowlers eight each), and one wicket-keeper. 
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Solver was used in the calculation of the solution to this model. In keeping the amount of 
data to be worked with to a minimum, the same process
19
 as was previously used was 
followed. 
The members of the squad, as selected by the BIP model, and in decreasing order of 
ability in the respective specialist categories, were as follows: 
Batsmen – AM Blignaut, TL Tsolekile, AN Petersen, HD Ackerman, AB de 
Villiers and JH Kallis. 
Bowlers – M van Vuuren, D du Preez, GJ Kruis, GC Smith, JMM Malao and 
CA Thyssen. 
All-rounders – JM Kemp (Batting/Bowling) and SM Pollock (Batting/Bowling). 
Wicket-keeper – MN van Wyk 
The discussion of these results, including a comparison to the results of the other two 
models follows in Section 5.4. 
 
5.4 Discussion of the Results 
Of interest, was that within certain abilities, it was found that the same players were 
selected by at least two models. In contrast, some players within certain abilities were 
selected by one model alone. 
  
                                                 
19
 See Section 5.2. 
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For ease of discussion and comparison, the following table, Table 5.6, summarizes the 
results of the models discussed. 
Table 5.6 Selected players, in descending order of ability, for the three models 
covered in the study. 
 MODELS 
ABILITIES 
H.H. Lemmer 
(Model 1) 
H. Gerber & 
G.D Sharp (Model 2) 
M. Lourens 
(Model 3) 
Batsmen Pollock, SM Blignaut, AM Blignaut, AM 
 Blignaut, AM Tsolekile, TL Tsolekile, TL 
 Sugden, CB Petersen, AN Petersen, AN 
 Ackerman, HD Ackerman, HD Ackerman, HD 
 de Villiers, AB  de Villiers, AB 
 Wingfield, WR  Kallis, JH 
    
Bowlers Kruis, GJ Steyn, DW van Vuuren, M 
 van Vuuren, M Kruis, GJ du Preez, D 
 Steyn, DW Langeveldt, CK Kruis, GJ 
 du Preez, D Nel, A Smith, GC 
 Nel, A  Malao, JMM 
 Malao, JMM  Thyssen, CA 
    
All-rounders  Telemachus, R (BF) Kemp, JM (BB) 
  Kemp, JM (BB) 
Pollock, SM 
(BB) 
  Pollock, SM (BB)  
    
Wicket-keeper/s  van Wyk, MN van Wyk, MN 
    
Fielder/s  Puttick, AG  
  Kreusch, JP  
  van Jaarsveld, M  
    
 
  
 57 
Firstly, looking at the batsmen selected by this study’s model: 
Table 5.7 Selected batsmen, from the Lourens model, with their respective batting 
statistics. 
Name Average Strike Rate 
Blignaut, AM 72.50 170.59 
Tsolekile, TL 53.20 118.22 
Petersen, AN 50.00 128.76 
Ackerman, HD 49.00 123.53 
de Villiers, AB 40.00 161.07 
Kallis, JH 46.67 106.06 
AM Blignaut is a good choice for top batsman, given his superior average and strike rate. 
Interestingly, he was also selected by both other models, making him one of the best 
choices for the squad. The other batsmen were close contenders, either having a very 
good average, or a very good strike rate. 
Another interesting result is that the top four selected batsmen were exactly the same as 
those selected by Model 2, and is because of their outstanding averages. Not selected by 
Model 2 were AB de Villiers and JH Kallis, who would also have been good choices if 
Gerber and Sharp (2006) considered batsmen’s strike rates as apposed to only taking into 
account their batting averages. 
Secondly, consider the bowlers selected by this study’s model: 
Table 5.8 Selected bowlers, from the Lourens model, with their respective bowling 
statistics. 
Name Average Strike Rate Economy Rate 
van Vuuren, M 13.67 12.0 6.83 
du Preez, D 16.00 15.0 6.40 
Kruis, GJ 18.00 24.0 4.50 
Smith, GC 17.50 15.0 7.00 
Malao, JMM 16.00 12.0 8.00 
Thyssen, CA 20.75 20.3 6.15 
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M van Vuuren was selected as the best bowler and was included in the squad selection 
based on his very low average and strike rate, although, in comparison to the other 
selected bowlers, his economy rate was only 4
th
 lowest. The other players were selected 
on the basis of their acceptably low bowling statistics. 
It should be noted that this time the most similar selection to this study’s model, was that 
of Model 1, with the same four bowlers being selected by each. The bowlers selected by 
Model 1 and not this study’s model are DW Steyn and A Nel, who were selected in place 
of GC Smith and CA Thyssen. Their bowling statistics are summarized in the following 
table, Table 5.9. 
Table 5.9 Model 1’s selected bowlers with their respective bowling statistics, not 
selected by the Lourens model. 
Name Average Strike Rate Economy Rate 
Steyn, DW 24.50 33.0 4.45 
Nel, A 23.00 28.5 4.84 
By comparing their bowling statistics, it was seen that these two players have much 
higher averages, as well as strike rates, than those of GC Smith and CA Thyssen. Their 
economy rates, however, were much lower. GC Smith and CA Thyssen were selected by 
this study’s model as they are better bowlers all-round. 
All-rounders were selected based on their proficiency for both batting and bowling. The 
all-rounders selected by this study’s model, including their respective statistics, are 
summarized in the following table, Table 5.10. 
Table 5.10 Selected all-rounders, from the Lourens model, with their respective 
batting and bowling statistics. 
 Batting Bowling 
Name Average Strike Rate Average Strike Rate Economy Rate 
Kemp, JM 42.50 150.89 31.67 26.0 7.31 
Pollock, SM 35.00 161.18 35.20 37.2 5.68 
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The above two players’ batting averages are not very high, however their batting strike 
rates are very similar to the specialist batsmen selected by this study’s model. This 
afforded them a greater likelihood of being selected. 
Looking at their bowling statistics, those of JM Kemp’s are reasonably close to that of the 
specialist bowlers selected by this study’s model, and although most of SM Pollock’s 
bowling statistics were relatively high, he was selected as ‘runner-up’, as there were 
relatively few batting/bowling all-rounders. 
In comparing this study’s model to Model 2, both JM Kemp and SM Pollock were 
selected as all-rounders by both methods. This was by reason of their generally good 
batting and bowling statistics being fairly close to that of even the specialist batsmen and 
bowlers selected by this study’s model. There were also not very many batting/bowling 
all-rounders to select from, providing them with a very good chance of being selected. 
The selection of wicket-keeper by this study’s model remains: 
Table 5.11 Selected wicket-keeper, from the Lourens model, with his number of 
dismissals. 
Name Dismissals Matches 
van Wyk, MN 29 19 
In comparison to the other wicket-keepers, MN van Wyk’s number of dismissals was 
outstanding, and for this reason he was selected by both this study’s model, as well as 
Model 2. 
It should be noted that the Lourens model drew more on the methodology outlined in 
Model 2 than that outlined in Model 1, as Model 1 is incomplete in that no allowance was 
made for the selection of an entire team. More specifically, no methodology was 
formulated for the selection of fielders, wicket-keepers and all-rounders. 
In conclusion, a study focusing on the selection of a South African Pro20 cricket squad 
would not be complete without comparing it to the actual selected squad of the first 
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World Twenty20 cup in 2007. Using data retrieved from the official Cricket South Africa 
website
20
, the selected players for the South African squad were as follows. 
Table 5.12 South African Pro20 cricket squad selected for the 2007 ICC World cup. 
Roles Players 
Batsmen *Smith, GC (c) 
 *de Villiers, AB 
 Bosman, LL
21
 
 Bodi, GH 
 Gibbs, HH 
 Duminy, JP 
  
Bowlers van der Wath, JJ 
 Ntini, M 
 Morkel, M 
 Tshabalala, T 
  
All-rounders Morkel, JA 
 *Kemp, JM 
 *Pollock, SM 
 Philander, VD 
  
Wicket-keeper Boucher, MV 
  
The players highlighted with an asterisk in the above Table 5.12 are those selected by this 
study’s model; they would therefore have been good choices on the basis of their 
abilities. 
  
                                                 
20
 See references. 
21
 LL Bosman was withdrawn due to injury on 4 September 2007; replaced by A Nel on 5 September. 
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Firstly, note the batsmen selected for the 2007 ICC World cup in contrast to those 
selected by this study’s model: 
Table 5.13 Batsmen selected for the 2007 ICC World cup and their respective 
statistics. 
Name Average Strike Rate 
Bosman, LL 31.94 148.20 
Bodi, GH 20.58 102.92 
Gibbs, HH - - 
Duminy, JP 30.83 106.63 
Note that HH Gibbs’s batting statistics are undefined; this is due to not having met the 
inclusion-criteria as discussed in the beginning of Chapter 4. When comparing these 
batsmen’s statistics to the statistics of batsmen in Table 5.7, it is clear that they are 
somewhat lower. As it is desirable for batsmen to have high batting statistics, this means 
that the batsmen in Table 5.7 would be a better choice when selecting a cricket squad. 
Note the bowlers selected for the 2007 ICC World cup compared to those selected by this 
study’s model: 
Table 5.14 Bowlers selected for the 2007 ICC World cup and their respective 
statistics. 
Name Average Strike Rate Economy Rate 
van der Wath, JJ 35.22 28.1 7.52 
Ntini, M 28.43 26.6 6.42 
Morkel, M 36.25 28.5 7.63 
Tshabalala, T 32.90 29.2 6.76 
These bowler’s statistics are fairly higher compared to those from Table 5.8. As it is 
desirable for bowlers to have low bowling statistics, this implies that the bowlers from 
Table 5.8 would be the better choice in the selection of a cricket squad. 
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Comparing the all-rounders selected for the 2007 ICC World cup to those selected by this 
study’s model: 
Table 5.15 All-rounders selected for the 2007 ICC World cup and their respective 
batting and bowling statistics. 
 Batting Bowling 
Name Average Strike Rate Average Strike Rate Economy Rate 
Morkel, JA 20.63 130.95 106.67 81.7 7.84 
Philander, VD 21.50 114.67 - - - 
Note that VD Philander’s bowling statistics are undefined as the inclusion-criteria, 
discussed in Chapter 4, were not met in his case. Comparing JA Morkel’s statistics to 
those of the all-rounders in Table 5.10, it was noted that his batting statistics are slightly 
lower, as well as his bowling statistics being higher. For this reason, he missed being 
selected by this study’s model. 
Finally, comparing the wicket-keeper selected for the 2007 ICC World cup to the 
selection made by this study’s model: 
Table 5.16 Wicket-keeper selected for the 2007 ICC World cup and his number of 
dismissals. 
Name Dismissals Matches 
Boucher, MV 7 7 
Comparing MV Boucher’s number of dismissals per match to that of MN van Wyk’s 
number of dismissals from Table 5.11, it was noted that MN van Wyk’s dismissal rate 
was much higher than that of MV Boucher’s. This provided the reason why MN van Wyk 
was selected by this study’s model. 
Overall it would seem that the model developed in this study would have selected a more 
proficient team when comparing the various players’ cricket statistics. 
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Chapter 6 
Conclusion and Further Work 
There are specific cricket statistics that are available to selectors for squad selection, for 
example, the batting average and strike rate. A very biased outcome in the selection 
process may result due to these statistics being used in isolation. Biased squad selection 
may also be due to ‘gut feel’ on the part of the selectors. 
A much less subjective approach is needed for the purpose of selecting the best team. For 
this reason, a well defined scientific approach has been developed, making use of a 
number of ability-index coefficients. These coefficients are combined measures of the 
currently available statistics, basing the selection of players on their ability. 
The players’ coefficients need to be updated on a regular basis as new matches are 
played. If a history of their coefficients is kept on a specific game-, or time-related basis, 
it would provide the selectors with crucial information on the players’ current 
performance. It may also be possible to conduct a form of prediction analysis using this 
information, estimating the expected performances of specific players in the coming 
weeks, months, or even years. 
Looking at the simplicity, as well as the flexibility, of the model developed in this study, 
it can be seen that there is great potential in using an approach of combining the available 
cricket statistics into comparable measures, with the selection of combinations left to the 
discretion of the selectors. This approach is enhanced even further by combining it with 
an optimization model, such as was used in this study. 
Although the focus in this study has been on limited overs cricket, and more specifically 
the Pro20 game, a similar approach to squad selection would be possible in the longer test 
matches. A different selection of ability measures may be called for, but the optimization 
process would remain unchanged. 
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Also, when looking at different lengths of games, with respect to the number of overs, it 
would be interesting to conduct more research into the best selection of ability measures, 
or even the weighting of the statistics within the measures. Using batting in a limited 
overs game as an example, one would intuitively think that the strike rate of a batsman 
might be slightly more important than his average. Might it be possible to give a different 
weighting to a batsman’s strike rate, in the calculation of his batting ability coefficient? 
Another area, in which further investigation is possible, is the area of selecting specific 
types of batsmen or bowlers, for instance spin bowlers. According to a simple study
22
 
dealing with fast and spin bowlers of the 2007 Twenty20 world cup, the reduction in pace 
of the ball from the spin bowlers contributed well to curbing the run accumulation of 
their opposing teams. This may offer some reason for selecting certain types of bowlers 
instead of others; the same may be true for batsmen. 
With this model being one of many recently suggested approaches in cricket player 
selection, it is clear that those in charge of the selection process will need to begin to 
make use of approaches similar to this study’s model more often. 
 
                                                 
22
 Retrieved from http://content-uk.cricinfo.com/ci/content/story/312820.html. 
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Appendix A 
Player Statistics
23
 
A.1 Batting Statistics 
Player Innings Not Out Runs Balls 
1 Ackerman, HD 4 1 147 119 
2 Amla, AM 13 4 280 260 
3 Amla, HM 13 0 229 228 
4 Bacher, AM 17 1 364 309 
5 Bassage, DJ 4 0 48 71 
6 Benkenstein, DM 10 2 240 181 
7 Beukes, JA 11 0 288 283 
8 Blignaut, AM 5 3 145 85 
9 Bodi, GH 13 1 247 240 
10 Boje, N 10 4 162 136 
11 Bosman, LL 19 1 575 388 
12 Boucher, MV 7 3 183 170 
13 Bruyns, ML 7 0 58 82 
14 Cook, SC 8 0 193 155 
15 Crookes, DN 3 0 20 23 
16 Cullinan, DJ 7 2 107 79 
17 Davids, H 10 1 96 90 
18 de Bruyn, Z 6 2 115 99 
19 de Villiers, AB 7 1 240 149 
20 de Wett, BC 8 0 78 105 
21 Dippenaar, HH 7 1 106 121 
22 Dros, G 13 4 217 161 
23 Duminy, JP 16 4 370 347 
24 Gamiet, LL 9 1 56 92 
25 Harris, MJ 8 1 122 134 
26 Harvey, IJ 7 0 101 75 
27 Hector, B 10 1 120 112 
28 Henderson, T 17 0 411 270 
29 Jacobs, A 17 3 284 257 
30 Jacobs, DJ 17 3 347 299 
31 Johnson, NC 4 0 54 69 
32 Kallis, JH 4 1 140 132 
33 Kemp, JM 11 5 255 169 
34 Kleinveldt, RK 13 2 143 100 
                                                 
23
 Calculated using data retrieved from the CricInfo website. See references. 
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35 Klusener, L 15 6 280 214 
36 Kreusch, JP 15 2 262 253 
37 le Roux, J 3 1 24 22 
38 McKenzie, ND 16 5 425 323 
39 Morkel, JA 12 4 165 126 
40 Munnik, R 9 3 93 90 
41 Myburgh, JG 5 1 45 43 
42 Ontong, JL 10 1 101 101 
43 Otto, JM 8 2 130 101 
44 Petersen, AN 10 4 300 233 
45 Peterson, RJ 18 1 226 233 
46 Philander, VD 6 2 86 75 
47 Pollock, SM 9 2 245 152 
48 Pope, SC 10 1 116 130 
49 Prince, AG 5 0 76 84 
50 Puttick, AG 16 2 357 339 
51 Rowley, G 5 1 103 81 
52 Rudolph, JA 8 0 181 172 
53 Smit, K 7 0 254 182 
54 Smith, MBA 5 1 85 97 
55 Strydom, PC 9 4 154 130 
56 Sugden, CB 4 0 133 104 
57 Symcox, RP 3 1 50 52 
58 Telo, FD 5 0 122 92 
59 Tsolekile, TL 12 7 266 225 
60 van der Wath, JJ 10 3 96 95 
61 van Jaarsveld, M 11 1 277 219 
62 van Jaarsveld, VB 13 2 284 223 
63 van Wyk, MN 19 3 399 361 
64 Watson, DJ 5 0 112 76 
65 Wingfield, WR 4 0 77 67 
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A.2 Bowling Statistics 
Player Overs Runs Wickets 
1 Abdulla, YA 19 131 4 
2 Abrahim, ZA 54.6 454 8 
3 Adams, PR 34.3 239 5 
4 Bacher, AM 46.3 366 6 
5 Bhayat, GH 6 61 2 
6 Blignaut, AM 12.4 111 5 
7 Boje, N 32 263 6 
8 Botha, J 50 303 3 
9 Dawson, AC 45.5 295 11 
10 de Bruin, GJ 17 161 4 
11 de Bruyn, P 24.1 157 7 
12 de Wet, F 15 129 3 
13 Deacon, WA 71 358 12 
14 Donald, AA 7 53 2 
15 du Preez, D 10 64 4 
16 Friend, Q 38.1 264 3 
17 Groeneveld, RL 11 79 2 
18 Hall, AJ 13 113 3 
19 Hantam, WC 22 149 4 
20 Harvey, IJ 18 147 6 
21 Hayward, M 18.1 163 2 
22 Henderson, T 64.2 438 9 
23 Johnson, NC 10 59 1 
24 Kemp, JM 39 285 9 
25 Kent, JC 20 168 4 
26 Khan, I 17 156 6 
27 Kleinveldt, RK 49.4 318 7 
28 Klusener, L 57 468 6 
29 Kops, BB 26 194 2 
30 Kruger, GJP 22 197 3 
31 Kruis, GJ 16 72 4 
32 Langeveldt, CK 12 57 1 
33 Malao, JMM 4 32 2 
34 Mbhalati, NE 40 307 5 
35 McLaren, R 30 204 3 
36 Meyer, L 17 152 7 
37 Moleon, EO 26 204 6 
38 Morkel, JA 40.5 320 3 
39 Morkel, M 19 145 4 
40 Mpitsang, PV 17 126 5 
41 Nel, A 19 92 4 
42 Ngam, M 28 245 5 
43 Nkwe, ET 26 234 2 
 68 
 
44 Ntini, M 31 199 7 
45 Ontong, JL 23 172 3 
46 Peterson, RJ 60 385 10 
47 Pollock, SM 31 176 5 
48 Reddy, BL 36.3 268 10 
49 Roe, GA 16 97 1 
50 Singh, Y 14 109 2 
51 Smith, GC 10 70 4 
52 Steyn, DW 22 98 4 
53 Strydom, PC 30.1 172 5 
54 Symcox, RP 13.4 138 3 
55 Telemachus, R 56 418 12 
56 Terbrugge, DJ 29.3 189 8 
57 Thomas, AC 45 374 6 
58 Thyssen, CA 13.3 83 4 
59 Tshabalala, T 48.4 329 10 
60 Tweedie, ANW 20.1 201 4 
61 van der Wath, JJ 42.1 317 9 
62 van Vuuren, M 6 41 3 
63 Willoughby, CM 53 314 4 
64 Wingfield, WR 8 71 3 
65 Zondeki, M 16.4 131 3 
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A.3 Fielding Statistics 
Player Dismissals 
1 Abrahim, ZA 1 
2 Adams, PR 1 
3 Amla, AM 3 
4 Amla, HM 3 
5 Bacher, AM 3 
6 Bailey, RT 2 
7 Benkenstein, DM 2 
8 Beukes, JA 3 
9 Bhayat, GH 1 
10 Blignaut, AM 3 
11 Bodi, GH 4 
12 Boje, N 2 
13 Bosman, LL 5 
14 Botha, J 2 
15 Campher, JP 1 
16 Chatterjee, S 1 
17 Cook, SC 1 
18 Crookes, DN 1 
19 Cullinan, DJ 7 
20 Davids, H 2 
21 Dawson, AC 1 
22 de Bruin, GJ 1 
23 de Bruyn, P 3 
24 de Wet, F 2 
25 de Wett, BC 2 
26 Deacon, WA 3 
27 Dippenaar, HH 3 
28 Dros, G 7 
29 du Preez, D 2 
30 Duminy, JP 3 
31 Dyili, AZM 4 
32 Friend, Q 1 
33 Frylinck, R 2 
34 Gamiet, LL 1 
35 Gibbs, HH 1 
36 Hantam, WC 1 
37 Harvey, IJ 1 
38 Hayward, M 2 
39 Hector, B 6 
40 Henderson, T 1 
41 Johnson, NC 2 
42 Kallis, JH 2 
43 Kemp, JM 2 
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44 Kent, JC 6 
45 Khan, I 3 
46 Kleinveldt, RK 3 
47 Klusener, L 5 
48 Kops, BB 3 
49 Kreusch, JP 7 
50 Kruger, GJP 1 
51 Kruis, GJ 1 
52 Langeveldt, CK 2 
53 le Roux, J 1 
54 Makalima, DL 3 
55 Mall, A 1 
56 Mashimbyi, MA 1 
57 Mbhalati, NE 1 
58 McKenzie, ND 5 
59 McLaren, R 2 
60 Meyer, L 4 
61 Moleon, EO 1 
62 Morkel, M 1 
63 Mpitsang, PV 1 
64 Munnik, R 1 
65 Myburgh, JG 1 
66 Nel, A 2 
67 Ngam, M 2 
68 Nkwe, ET 3 
69 Ontong, JL 5 
70 Otto, JM 1 
71 Petersen, AN 5 
72 Peterson, RJ 4 
73 Phangiso, AM 2 
74 Philander, VD 4 
75 Pollock, SM 2 
76 Prince, AG 2 
77 Puttick, AG 7 
78 Reddy, BL 3 
79 Roe, GA 1 
80 Rowley, G 1 
81 Rudolph, JA 3 
82 Smit, K 2 
83 Smith, GC 1 
84 Smith, MBA 1 
85 Steyn, DW 1 
86 Strydom, PC 3 
87 Sugden, CB 3 
88 Symcox, RP 1 
89 Telemachus, R 7 
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90 Telo, FD 2 
91 Terbrugge, DJ 3 
92 Thomas, AC 4 
93 Thyssen, CA 2 
94 Tshabalala, T 3 
95 Tweedie, ANW 1 
96 van der Wath, JJ 1 
97 van Jaarsveld, M 9 
98 van Jaarsveld, VB 2 
99 van Vuuren, M 1 
100 Watson, DJ 1 
101 Willoughby, CM 1 
102 Zondeki, M 1 
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A.4 Wicket-keeping Statistics 
Player Dismissals 
1 Boucher, MV 7 
2 Brown, DL 7 
3 Bruyns, ML 2 
4 Bula, TA 2 
5 de Villiers, AB 6 
6 Harris, MJ 7 
7 Jacobs, A 6 
8 Jacobs, DJ 9 
9 Omar, AM 1 
10 Pope, SC 5 
11 Smit, D 6 
12 Sodumo, AM 7 
13 Tsolekile, TL 20 
14 van Wyk, CFK 5 
15 van Wyk, MN 29 
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Appendix B 
Player Ability Measures 
B.1 H.H. Lemmer’s Ability Measures 
B.1.1 Bowling Ability Measure (CBR) 
Player Overs Runs Wickets CBR 
1 Abdulla, YA 19 131 4 14.241 
2 Abrahim, ZA 54.6 454 8 18.484 
3 Adams, PR 34.3 239 5 15.896 
4 Bacher, AM 46.3 366 6 18.238 
5 Bhayat, GH 6 61 2 16.068 
6 Blignaut, AM 12.4 111 5 13.395 
7 Boje, N 32 263 6 17.071 
8 Botha, J 50 303 3 16.223 
9 Dawson, AC 45.5 295 11 12.941 
10 de Bruin, GJ 17 161 4 17.683 
11 de Bruyn, P 24.1 157 7 12.170 
12 de Wet, F 15 129 3 17.354 
13 Deacon, WA 71 358 12 11.538 
14 Donald, AA 7 53 2 13.798 
15 du Preez, D 10 64 4 10.511 
16 Friend, Q 38.1 264 3 17.772 
17 Groeneveld, RL 11 79 2 15.396 
18 Hall, AJ 13 113 3 16.662 
19 Hantam, WC 22 149 4 14.648 
20 Harvey, IJ 18 147 6 13.710 
21 Hayward, M 18.1 163 2 21.167 
22 Henderson, T 64.2 438 9 15.749 
23 Johnson, NC 10 59 1 14.771 
24 Kemp, JM 39 285 9 14.501 
25 Kent, JC 20 168 4 17.027 
26 Khan, I 17 156 6 14.545 
27 Kleinveldt, RK 49.4 318 7 14.927 
28 Klusener, L 57 468 6 19.716 
29 Kops, BB 26 194 2 19.090 
30 Kruger, GJP 22 197 3 20.049 
31 Kruis, GJ 16 72 4 9.391 
 74 
 
32 Langeveldt, CK 12 57 1 12.399 
33 Malao, JMM 4 32 2 11.077 
34 Mbhalati, NE 40 307 5 17.920 
35 McLaren, R 30 204 3 16.813 
36 Meyer, L 17 152 7 13.244 
37 Moleon, EO 26 204 6 15.359 
38 Morkel, JA 40.5 320 3 20.232 
39 Morkel, M 19 145 4 15.487 
40 Mpitsang, PV 17 126 5 13.415 
41 Nel, A 19 92 4 10.523 
42 Ngam, M 28 245 5 18.242 
43 Nkwe, ET 26 234 2 22.645 
44 Ntini, M 31 199 7 13.124 
45 Ontong, JL 23 172 3 17.351 
46 Peterson, RJ 60 385 10 14.313 
47 Pollock, SM 31 176 5 12.963 
48 Reddy, BL 36.3 268 10 13.719 
49 Roe, GA 16 97 1 16.157 
50 Singh, Y 14 109 2 17.585 
51 Smith, GC 10 70 4 11.250 
52 Steyn, DW 22 98 4 10.149 
53 Strydom, PC 30.1 172 5 12.945 
54 Symcox, RP 13.4 138 3 19.212 
55 Telemachus, R 56 418 12 15.121 
56 Terbrugge, DJ 29.3 189 8 12.353 
57 Thomas, AC 45 374 6 18.917 
58 Thyssen, CA 13.3 83 4 11.603 
59 Tshabalala, T 48.4 329 10 14.155 
60 Tweedie, ANW 20.1 201 4 19.599 
61 van der Wath, JJ 42.1 317 9 15.242 
62 van Vuuren, M 6 41 3 9.906 
63 Willoughby, CM 53 314 4 15.455 
64 Wingfield, WR 8 71 3 13.798 
65 Zondeki, M 16.4 131 3 16.799 
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B.1.2 Batting Performance Measure (BP) 
Player Innings BP 
1 Ackerman, HD 4 65.096 
2 Amla, AM 13 9.608 
3 Amla, HM 13 7.276 
4 Bacher, AM 17 19.177 
5 Bassage, DJ 4 3.622 
6 Benkenstein, DM 10 23.510 
7 Beukes, JA 11 10.325 
8 Blignaut, AM 5 76.976 
9 Bodi, GH 13 6.537 
10 Boje, N 10 10.227 
11 Bosman, LL 19 48.218 
12 Boucher, MV 7 11.593 
13 Bruyns, ML 7 3.884 
14 Cook, SC 8 18.756 
15 Crookes, DN 3 5.317 
16 Cullinan, DJ 7 27.498 
17 Davids, H 10 5.821 
18 de Bruyn, P 6 43.323 
19 de Bruyn, Z 6 13.488 
20 de Villiers, AB 7 56.300 
21 de Wett, BC 8 1.460 
22 Dippenaar, HH 7 3.544 
23 Dros, G 13 16.256 
24 Duminy, JP 16 10.056 
25 Gamiet, LL 9 0.655 
26 Harris, MJ 8 5.961 
27 Harvey, IJ 7 13.487 
28 Hector, B 10 6.126 
29 Henderson, T 17 47.621 
30 Jacobs, A 17 9.079 
31 Jacobs, DJ 17 16.602 
32 Johnson, NC 4 2.697 
33 Kallis, JH 4 52.231 
34 Kemp, JM 11 35.910 
35 Kleinveldt, RK 13 19.353 
36 Klusener, L 15 25.909 
37 Kreusch, JP 15 7.553 
38 le Roux, J 3 7.696 
39 McKenzie, ND 16 22.501 
40 Morkel, JA 12 34.096 
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41 Munnik, R 9 6.064 
42 Myburgh, JG 5 4.289 
43 Ontong, JL 10 9.277 
44 Otto, JM 8 14.807 
45 Petersen, AN 10 35.844 
46 Peterson, RJ 18 4.777 
47 Philander, VD 6 12.689 
48 Pollock, SM 9 99.203 
49 Pope, SC 10 4.088 
50 Prince, AG 5 3.950 
51 Puttick, AG 16 12.268 
52 Rowley, G 5 37.586 
53 Rudolph, JA 8 41.694 
54 Smit, K 7 39.353 
55 Smith, MBA 5 20.364 
56 Sugden, CB 4 76.908 
57 Symcox, RP 3 33.703 
58 Telo, FD 5 16.681 
59 Tsolekile, TL 12 15.526 
60 van der Wath, JJ 10 3.857 
61 van Jaarsveld, M 11 20.676 
62 van Jaarsveld, VB 13 19.322 
63 van Wyk, MN 19 14.197 
64 Watson, DJ 5 39.993 
65 Wingfield, WR 4 55.681 
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